Abstract. Total ozone and associated temperature variations on the Southern Oscillation timescale have been investigated using monthly total ozone mapping spectrometer and temperature data for the latitudinal domain between 70øN and 70øS and from 1979 to 1991. The first two modes for total ozone describe the anomalous total ozone patterns associated with the extremes in the Southern Oscillation. The first mode has the largest loadings in the southern hemisphere (SH) subtropics and midlatitudes with an east-west dipole in antiphase with a tropical east-west dipole. The second mode has its largest loadings in the tropics with an east-west dipolar pattern. These modes are intimately related to variations in the mean temperature in the lower stratosphere, and this relation is such that the total ozone and mean temperature anomalies are positively correlated. The tropospheric temperature patterns are confined in the tropics, where temperature and total ozone anomalies are negatively correlated. The tropical temperature and total ozone variations are driven by modulations in the tropical convection associated with the Southern Oscillation. The Southern Oscillation signals in the stratospheric temperature and in the total ozone are strongest in the SH midlatitudes during the winter-spring period and precede the extremes in the Southern Oscillation Index (SOI) by a few months. Thus the total ozone index, defined similarly to the SOI, seems to be more appropriate than the SOI to monitor the stratospheric temperature in the extratropics, in particular in the SH middle to high latitudes. 
Introduction
Total ozone with high spatial resolution and nearly global coverage has been measured since October 1978 by the total ozone mapping spectrometer (TOMS) instrument carried on board the Nimbus 7 satellite [Bowman and Krueger, 1985; Bowman, 1989 ]. Because of the temporal and spatial homogeneity of this TOMS data set, several aspects of the total ozone long-term variations have been better documented. On the basis of these data, Bowman [1989] provided a detailed analysis of the quasi-biennial oscillation (QBO) in the total ozone. He showed that the interannual variability of the total ozone near the equator is dominated by the QBO and that the equatorial total ozone anomalies are negatively correlated with those at middle and high latitudes, particularly during the winter seasons of each hemisphere.
At the equatorial latitudes the dynamical coupling between interannual ozone variations and the OBO-related lower stratospheric zonal wind and temperature variations was previously noted by several authors using ground-based observations [e.g., Angell and Korshover, 1973; Hasebe, 1980; Bojkov, 1987] Copyright 1997 by the American Geophysical Union.
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Besides the QBO, strong E1 Nifio (or Pacific warm) episodes have been proposed to explain anomalous total ozone departures [Zerefos et al., 1982; Angell, 1981 Angell, , 1990 Bojkov, 1987; Komhyr et al., 1988] . Bojkov [1987] was the first to promulgate a connection between ozone variations and E1 Nifio, according to which, strong E1 Nifio episodes are followed by low total ozone values in the middle and polar latitudes, within a few months time lag. Since E1 Nifio refers to one of the extremes in the Southern Oscillation, opposite variations in the total ozone related to La Nifia (or Pacific cold) episodes would be expected.
Indeed, recent findings have provided evidences that the total ozone fields contain variability on the Southern Oscillation timescale [Shiotani, 1992; Zerefos et al., 1992; Hasebe, 1993; Randel and Cobb, 1994; Stephenson and Royer, 1995] . Shiotani [1992] showed that the Southern Oscillation signal in the total ozone manifests in its asymmetric part, obtained by removing the zonal means, what effectively eliminates most of the QBO signal in the data. In the tropics the Southern Oscillation structure in the total ozone features an east-west anomalous dipole, with a nodal longitude near the dateline [e.g., Shiotani, 1992; Stephenson and Royer, 1995] . For the E1 Nifio periods the dipole is such that negative total ozone anomalies are associated with enhanced convection in the eastern tropical Pacific and positive anomalies are associated with reduced convection over Indonesia. La Nifia episodes feature reversed total ozone anomaly patterns.
Variations in the tropopause height explain a large portion of the spatial and temporal variability of the total ozone through a negative correlation between the total ozone column and the tropopause height [Schubert and Munteanu, 1988; Hasebe, 1993] . Thus the Southern Oscillation-related anoma-25,797 lous total ozone patterns reflect the variations of the tropopause height caused by changes in the tropical convection [e.g., Shiotani, 1992; Stephenson and Royer, 1995] . In this regard, Hasebe [1993] proposed a mechanistic coupling between sea surface temperature (SST) and total ozone variations, such that SST variations lead to changes in the tropopause height and the vertical ozone advection through modulation of the tropospheric diabatic heating.
In addition, Randel and Cobb [1994] showed that the total ozone variability on the Southern Oscillation timescale extends beyond the tropics. For separate analyses of the TOMS data for northern hemisphere (NH) and SH winter-spring periods they found a strong north-south anomalous dipolar structure in the Pacific region, with the largest amplitudes in the winter hemisphere. In agreement, the map of correlation between interannual anomalies of the asymmetric part of the TOMS data and the low-pass-filtered sea level pressure (SLP) at Darwin as presented by Stephenson and Royer [1995] gives some indications of the existence of an east-west dipole in the SH midlatitudes in antiphase with a well-defined east-west dipole in the tropics.
The purpose of this paper is to understand better the dy- 
Data
The ozone data used in this study consist of the monthly TOMS data provided by the National Space Science Data Center. Version 6 of the retrieval algorithm has been used to remove instrumental drift [Herman et al., 1991] [Kalnay et al., 1996] . This data set consists of monthly temperatures at 17 standard pressure levels (1000, 925, 850, 700, 600, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, and 10 hPa) on a grid with a 2.5 ø in latitude and longitude resolution. The absence of inhomogeneities in both data sets makes them highly useful for the study of the low-frequency oscillations and their spatial patterns. Both data sets span from January 1979 through December 1991. For this period the SOI time series provided by NCEP has been used for additional correlation analyses. The SOI is based on observed SLP time series for Tahiti and Darwin, and the procedure for its calculation is described by Chelliah [1990] .
Analysis Procedures
As given by Shiotani [1992] , zonal means have been removed from the original databases, thus only the asymmetric part of the fields is analyzed. The total ozone and temperature asymmetric time series (hereafter the word "asymmetric" will be omitted) are then sampled for every other gridpoint. Thus the horizontal resolution is reduced to 4 ø in latitude and 5 ø in longitude for the TOMS data and to 5 ø in latitude and longitude for the temperature data. The data are deseasonalized using the 1979-1991 climatology. The anomalous data are treated with a Lanczos low-pass filter with 11 weights and a specified response of 0.5 at 12 months, yielding a filtered time series from June 1979 through July 1991. This filter effectively eliminates high-frequency oscillations with periods of less than 8 months [Trenberth, 1984] and is the same as that used by Stephenson and Royer [1995] In the SH midlatitudes a strong east-west dipole shows an intensification and eastward movement for negative lags and a pronounced decay for positive lags. The largest correlations are observed from -6 to -2 month lags. Such time lags are also observed comparing the SOI to the indices for the total ozone and the stratospheric [T] at 45øS (Figure 7) . Indeed, the largest amplitudes for these indices occur during the SH winter-spring months, while for the SOI they occur during the following SH summer months. As mentioned above, the photochemistry might produce a seasonal modulation of the Southern Oscillation-related total ozone anomalies. In addition, changes in the tropical tropospheric circulation caused by alterations in the SST and the convective activity during the early and developing stages of the E1 Nifio and La Nifia episodes propagate barotropically out of the tropics into the winter hemisphere and from there propagate vertically into the stratosphere. This dynamic process favors the production through photochemistry of even larger signals in the SH midlatitude total ozone during the SH winter-spring months. An important result of this paper is that the total ozone index defined similarly to the SOI seems to be better than the SOI as a climate monitor of the lower stratospheric temperatures in the extratropics, especially in the SH middle to high latitudes. It is, however, worthwhile to recall that only the asymmetric parts of the fields were considered in the analyses. So, the transport mechanisms might play an important role in the Southern Oscillation-related variations in the total ozone and the temperature.
The author is aware that the results of this paper were based on relatively short time series. More conclusive results should stem from analyses based on longer time series.
